At present, the scientific techniques and tests available to locate and identify particular body fluids are both time consuming and destructive in nature. Technological advances have led the way to rapid, miniaturised, DNA analysis with the ability to obtain a DNA profile from a small number of cells. Forensic science is calling for assistance to develop current body fluid detection capabilities in line with the advances of DNA and the requirements of the criminal justice system.
Forensic Science in Practice
At present forensic science predominantly takes place within the laboratory environment, where the instruments and technologies used are similar to those used for other scientific disciplines. It is the material which is analysed, the context of its deposition, and ultimately the interpretation of its significance for a criminal investigation and prosecution, which defines forensic science, and the role of the forensic scientist as an expert witness. It is important to note that forensic scientists are not the only practitioners of forensic science. Some of the searching and identification tools at the disposal of the forensic scientist are also available to Crime Scene Examiners (CSEs, formerly known as Scenes of Crime Officers) who are employed by police forces to attend scenes of crime. However, the necessity to locate and identify potentially evidential material within a laboratory remains the same whether a forensic scientist or CSE attends a crime scene.
Crime scenes that fall into the category typically referred to as 'volume crime' (e.g. burglary, stolen vehicle) would usually be attended by a CSE who would photograph the scene/item, search for trace material (e.g. fibres, paint, glass) and blood, followed by the enhancement and recovery of any fingerprints, footwear or tool marks. In contrast, a forensic scientist would be requested to attend the more complex scenes typical of crimes of a more serious or violent nature. Here it is necessary not only to locate evidence, but also to interpret activities that could have taken place within the scene. For example, if blood is shed at a murder scene it may be transferred to the walls and floor of a room, resulting in one or a series of blood patterns. In these circumstances a forensic scientist would attend the scene to interpret the blood distribution and assist in determining the events that could have taken place.
A forensic scientist will specialise in a particular discipline, which will fall broadly, but not exclusively, into either biology or chemistry based knowledge fields. The biology based discipline encompasses body fluid identification such as blood, semen and saliva, ultimately making possible the DNA analysis of such materials. The chemistry based discipline includes trace evidence such as glass, paint, and fibres, together with footwear and tool mark comparisons, through to fire scene investigation. The police, and the criminal justice system, may request the services of a forensic scientist at any stage in an investigation. However, it is most likely to be at the preliminary stages (at a scene) or in an evaluative role (at the laboratory) examining items and ultimately producing a statement for court.
Tools of a Forensic Biologist
The past twenty years have seen one particularly significant development in the toolkit of a forensic biologist: DNA analysis. Forensic DNA analysis has had a considerable impact upon crime investigation. The statistical significance attributed to a match between a DNA profile obtained from a crime stain and that of an individual has provided the courts with compelling evidence beyond the capabilities of historic blood and enzyme based grouping systems.* Furthermore, the capabilities of this advance have underpinned the creation of a National DNA Database (NDNAD) in England & Wales, providing the police with intelligence information leading to identification of potential suspects in otherwise unsolved crimes.** In turn, these technical and operational advances have led police to return to previously undetected 'cold cases' and apply DNA analysis to old exhibits where previous forensic capabilities had failed to assist with inquiries.
Technology has rapidly evolved to provide forensic scientists with the ability to obtain a DNA profile from much smaller samples than had previously been the case, so that now, profiles can be obtained from a few cells only (termed Low Template DNA Analysis). This increased sensitivity is just one strand that is contributing to the need for a different approach to the location and identification of body fluids. Recent highly publicised forensic failings such as the delayed prosecution of those responsible for the murder of Damilola Taylor have also fuelled the Feature: The Future of Body Fluid Identification urgency for methods that remove the potential for human failings in the ability to visually detect such biological material.
The current 'tools' available to assist with the identification of body fluids either: 1. provide the ability to search and locate potential staining or; 2. identify staining as a particular body fluid.
As such, the 'tools' can be divided into tests that are either presumptive or confirmative in nature, each of which are particular to a single body fluid. In general, presumptive tests can be applied within either a scene or laboratory environment and are used to locate a particular potential body fluid. Confirmative tests most frequently sit within the laboratory and categorically identify a stain as a named body fluid. In addition, current confirmative tests also provide an approximation of the volume and type of cellular material present within a stain, which enables the forensic scientist to determine the most appropriate form of DNA analysis.
Given the nature of crime investigation it is imperative that reliable methods exist to enable a timely location and identification service that fits the remits of the criminal justice system. The surfaces and items which a forensic biologist would be asked to examine are likely to contain more than one potential evidence type, and therefore all methods and tests must be undertaken in a sequential manner which does not compromise any of the potential materials present. Furthermore, the tests must be sufficiently sensitive to detect minute stains or stains that may be degraded, accepting that they may be on a wall, inside a vehicle or on a garment. Suffice to say, a test must be 'fit for the forensic purpose.' Although current technology has demonstrated that it is possible to obtain a DNA profile from a few cells within such a stain, this is of limited value if one cannot determine what the stain was or how it was deposited.
Searching
Before a forensic scientist begins to utilise any of the tests and technology available to them, they commence with a visual examination. To do so efficiently requires patience, concentration and effective lighting. A range of oblique, white light, torches are available, and though effective, they do not enable any additional discrimination between stains. Furthermore, the ability to locate a stain in the first instance relies on a colour or texture contrast between the stain and the background surface on which it is sitting. This is not always possible for body fluids; for example saliva does not display any colour and is invisible to the naked eye.
With this in mind, two commercial alternate light sources have been developed to assist with the searching of items/surfaces for the presence of body fluids, and these have been available to the forensic marketplace for several years. Both are torches that emit narrow bandwidth illumination that excite fluorescence in blood, semen and saliva. For optimal operation they require darkness and eye protection, which isn't necessarily compatible with the layout and volume of work undertaken within forensic laboratories or the particular environment of some crime scenes. In addition, the colour and fluorescent nature of many fabrics and washing powders can mask fluorescence from a particular body fluid [1, 2, 3] . Although the torches appear promising, research has demonstrated that they fail to locate body fluids in some conditions and on certain background materials [3] . In addition, any observed fluorescence (even at a wavelength specified for a particular body fluid) does not act as a positive confirmatory test result since other stains may also react. The high risk associated with the failure of the light source to either locate a potential body fluid and/or waste resources, i.e. stains that were later found not to be a body fluid, significantly limits its forensic value. For these reasons neither product has been universally adopted by the UK forensic service laboratories.
Presumptive Tests
By their nature, presumptive tests only offer a guide to the potential nature of a stain. Further analysis, with a confirmatory test, is often required to specifically identify the nature of a particular body fluid. This review will consider only the major body fluids routinely searched for by a forensic biologist, namely blood, semen and saliva. Each particular body fluid requires its own presumptive and confirmative test; at present there is no 'one stop shop' test which would provide different results for each of the body fluids. Why is this so? And what is the value of each test?
Presumptive tests act as a screening method and are essential for locating 'invisible' stains such as semen and saliva or extremely small stains, such as bloodstains <1mm 2 , none of which can easily be observed by the naked eye. Furthermore, efficient presumptive tests can serve to quickly eliminate stains that visually appear similar to the body fluid of interest. The operational requirements of a presumptive screening test are: speed, low cost, ease of use, specificity, sensitivity, low false-positive rate and safety. In addition, the tests must be applicable to small or large surfaces and do not preclude the ability to undertake multiple tests on the same stain. For example if two body fluids were mixed together and there is a requirement to identify both, the tests must ideally be non-destructive, or be able to be undertaken in a sequential manner.
The main presumptive tests currently in use (for blood, semen and saliva) are of a chemical nature and exploit the enzymes within the particular body fluid of interest. These tests are very different to each other but follow similar scientific principles. As each of the tests can be destructive, part of the stain is transferred onto either filter paper or treated paper and the reagents are applied directly to the filter paper or embedded within the treated paper. In all instances a positive reaction is observed by a colour change. Although all three types of test are extremely sensitive, and therefore capable of detecting body fluids that have been diluted, they also react with chemicals and materials other than the body fluid of interest. However, these 'false' positive reactions can usually be recognised since the original stain is unlikely to have the appearance (colour and texture) of the particular body fluid.
An alternative presumptive test for blood is also available, requiring the reagent to be sprayed directly onto the stain or area of interest, with a positive reaction demonstrated by chemiluminescence. This is more sensitive than other presumptive tests, and is predominantly used at scenes when searching areas where it is suspected that there have been attempts to physically clean (and therefore dilute) blood from surfaces such as in bathrooms. The disadvantages of this second test are its requirement for darkness, and that the reaction is temporary (requiring immediate photography). Because it is applied directly to the stain it can prevent further tests and, with some formulations, inhibits DNA analysis. Other formulations of similar chemiluminescence have been developed which do not damage DNA.
None of the presumptive blood tests discussed are speciesspecific: they will react with blood whether it is human or animal. Immunological tests are available to address this issue, but they are not suitable as a screening test because of their lower sensitivity Feature: The Future of Body Fluid Identification and methodology; therefore such tests are reserved as supplements when there is a requirement to identify the species of the blood's origin. Whilst other methods are available to confirm the actual presence of blood, using either scanning electron microscopy (SEM), spectroscopy or enzyme-linked immunosorbent assay (ELISA) [4] they are unsuitable as screening tests as they are too labour intensive when searching numerous stains on a single item or surface.
Confirmative tests
In practice, it is the combination of a 'blood-like' stain together with a positive presumptive test result that enables the forensic scientist to form the opinion that a stain under consideration is blood. In addition there is no existing confirmative test for the presence of saliva. Reactions observed from a presumptive test, together with the microscopic presence of cells, enable the forensic scientist to form an opinion as to whether the stain is likely to be saliva. No additional confirmatory test is used for either blood or saliva; however, obtaining a DNA profile from a blood or saliva stain further serves to validate an opinion.
The presence of semen is confirmed by microscopy. Once a potential area of semen staining is identified (via the presumptive test) it is removed and a microscopic slide is prepared from cellular material extracted from the stain. If sperm are microscopically detected then the presence of semen can be confirmed. However, there are instances when sperm may not be present within an individual's semen, for example if they are vasectomised or have a medical condition. In such circumstances one of two additional confirmatory tests can be used based on either further microscopy or an antibody reaction.
Emerging methods of identification
At present several tests and methods are emerging into the forensic marketplace. Whilst they all have potential roles and applications, none provide a 'one stop shop' to serve all of the requirements of a test that cannot only locate but also identify a given body fluid. These tests include:
1. Blood and saliva detection based upon antibody reactions within a lateral flow strip test (similar to a home pregnancy test). Whilst they are human specific, they are less sensitive than established presumptive tests. 2. The potential to obtain two results from a single sample in one tube by isolating DNA that will not only identify a stain as particular body fluid [via messenger RNA (mRNA)], but will also enable conventional forensic DNA testing to identify the DNA profile of the donor of the stain. Further developments using mRNA also provide the ability to determine whether or not any blood detected is menstrual in origin. 3. The application of NASA technology to develop a portable X-ray fluorescence (XRF) devise capable of detecting abundant components within blood and semen [5] . Such a technique would have the advantage that it is non-destructive to the stain: however, the non-specificity of the components present would not enable a confirmative result. 4. Lastly a light source providing an infrared illumination that can be captured on a digital camera [6] . Although not as sensitive as conventional chemical presumptive tests, it too is non-destructive.
The first two options require a stain to be located in the first instance, following which the stain must be extracted into a solution so that it can be dropped onto a testing membrane or added to a tube. The latter two options provide searching capabilities but, at present, lack the specificity required from the investment in a new test. Consequently, the current methods in place are unlikely to become completely superseded by of any of these four options.
Future Requirements
Operational requirements must be at the forefront of thinking when developing any future forensic test. The key requirements are those mentioned above; however, in the future demands may change depending on who is undertaking the test. For example, there may be specific instances where there is value in a forensic medical examiner or police officer providing an instant initial answer to a question.
The police and the criminal justice system are under increased pressure to identify and appropriately deal with offenders within reduced custody time limits. This has impacted upon all parties within the criminal justice system which, in turn, results in an expectation and requirement for forensic laboratories to provide 'instant' results. Many of the current presumptive tests themselves provide an almost instantaneous chemical reaction; however it is the initial search for a stain that requires significant time. The initial searching for potential blood stains can take hours per item and the potential for human fallibility is only too prevalent in cases such as the death of Damilola Taylor [7] . Aligned to this is the cost of such lengthy examinations. The chemicals themselves are relatively inexpensive, it is the time spent searching areas and items which adds expense.
At present, forensic examinations are undertaken at a scene, by a CSE/forensic scientist and the presumptive and confirmative test results and opinions are provided by the forensic scientist, following laboratory examinations. The last few years have witnessed a significant shift in the procurement of forensic services, resulting in small laboratory settings with the police force where items are wholly or part examined (using presumptive tests), rather than direct submission to an accredited forensic practitioner laboratory. This development has been influenced by financial and timeliness considerations. It is possible that the future may bring further changes that will witness the development and expansion of current police employee roles. Such changes would rely heavily on the capability of the new forensic tests rather than the experience of the operator to interpret the subtleties experienced with current tests. Akin to this would be the need to develop a 'fool proof' test which is not only quick and cheap but also removes the problems associated with a lack of sensitivity, specificity and the potential for 'false positive' results (which are currently mitigated by the experience of the forensic scientist). Such a test would also benefit current CSEs and forensic scientists. A future opportunity may lie in funding provided by the Engineering and Physical Sciences Research Council (EPSRC) for the development of 'Light It Up' [8] a nanotechnology approach to the detection of body fluids. The approach envisages a solution which can be sprayed directly onto an item causing traces of body fluids to fluoresce a different colour. This product is being developed collaboratively by academia and a forensic service provider, and therefore may hold greater potential to be 'fit for forensic purpose'.
It is easy to imagine other developments that could lead on from this technology, such as the ability to detect cells deposited through touch or the ability to record and fully document the results of an Feature: The Future of Body Fluid Identification examination as a diagram or 3D image suitable for inclusion in a forensic statement or a courtroom display to illustrate the evidence in a complex case. Equally the biosensor market, currently utilised in the detection of microbiological weapons, could offer another potential product to the forensic arena. The ability to utilise antibody reactions that ultimately translate into an electrical signal on a hand held device could transform current forensic working practices.
At present 'DNA on a chip' technology is available, and it is possible that a commercial portable product will soon be delivered. This may well see some DNA analysis move away from the laboratory to a hand held device at the crime scene or even the police station, possibly expanding the range of professionals that deliver forensic science. Therefore the combination of emerging and future methods could revolutionise the ability to locate, identify and attribute stains to body fluids and ultimately an individual. Whatever developments come to fruition they will also need to marry with the criminal justice system's requirements and provide capability and assurance beyond the limits of current forensic methods. In all, the motivations behind such changes would hopefully serve to increase ublic confidence in forensic science's ability to detect past crimes and prevent future ones.
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